Abstract. Uniformity of the temperature in the mold plate is of paramount important since it will affect the dimensional stability of the part produced. To provide uniform temperature to the metal plate, many factors need to be considered such as choice of heating technology, uniformity of a heat source, a type of control, etc. This paper aims to study the temperature uniformity of metal plate using closed-loop oscillating heat pipe (CLOHP) as a heat transfer device. The metal plates which were P-20 with the size of 306 x 130 mm 2 were used. Metal plate was gouged to a depth of 3 mm for installing the CLOHP. Distances from the heating device to the metal plate surface were 5 and 10 mm. The surface temperatures of the metal plate were controlled at 80, 90, 100, 110, 120, and 130 o C. Sixteen pointa of temperature were recorded. The results were then compared to those using the heat source as the cartridge heater arranged in the similar way with the same heating capacity. Once the system entered the steady state, it was found that the temperature distribution of metal plate using the CLOHP has a deviation in the range of ± 1. 
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Introduction
Heating of the cavity steel mold plates during the molding process, especially in the processing of plastic parts, are important to part quality and production time. Heating of the cavity mold plates, especially a bit higher than the glass transition temperature, ensures that the parts could be optimally filled with good aesthetic surface quality. The problems such as weld line, jetting, fiber mark, and all other flow line traces can be eliminated, as such secondary operations i.e., sanding, coating, or coloring, are no longer needed. This ensures increase in production rate. Heating of the cavity molding plates ensures longer flow length of plastic melt during flow in the cavity, as a result, thin-wall parts can be produced with more intricate detail and less molded in stress. Heating process usually is an auxiliary unit equipped to conventional molding machines. There have been many researches, during the past 20 years; investigate the technologies of the heating process. To date, the heating technologies can be classified into four groups which are conduction heating, convection heating, induction heating, and radiation heating [1] . Although these heating technologies can provide satisfactory heating rate, there is limited assurance that the temperature will be uniform. It is reported that the temperature between cavity to cavity in the molding of rubber with cartridge heater can be varied as much as 4.7 o C which caused flash or distortion [2] . Athanasopoulos, N, et al. [3] , reported that by using carbon fiber as heating element in the mold cavity, the minimum temperature tolerance achieved was ± 2.6 o C.
While Sung, Y. T. et al., [4] found that by using inductive heating, the standard deviation of temperature can be ranging from 1.44 o C to 25.82 o C. Standard procedure recommended that to get good parts, the mold surface temperature need to be in the range of ± 2.0 o C [2, 5] . Uniformity of the temperature in the molding plate is of paramount important since it will affect the dimensional stability of the part produced. Orientation and differential cooling rate are the main factors that affect in differential part shrinkage resulting in part warpage. To provide uniform temperature to the metal plate, the heat source must also be placed in a uniform manner. It is obvious that all of the above methods require primary heat source to heat up the plate. There is no doubt that the temperature in the area that closed to the heat source will be higher than those far away from the heat source. Basic rule recommended that to achieve uniform temperature, the distance between adjacent heating passages should be around 2 to 2.5 times of the diameter of the passage and the distance from the heating surface should be around 1 to 1.5 times [6] .
Heat Pipe is a heat transfer device which can provide excellent heat transfer rate. It is a vacuum closed pipe containing working fluid which can transfer heat from one hot end to another cold end by evaporation and condensation mechanism inside the pipe as shown in Fig  1. Heat pipe has been continuously used in many molding application due to its high in heat transfer performance and low in maintenance cost as there is no moving parts [7] . However, the usage has been mainly limited to cooling of the mold in a very specific area where high This is an Open Access article distributed under the terms of the Creative Commons Attribution License 4.0, which permits distribution, and reproduction in any medium, provided the original work is properly cited.
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Article available at http://www.matec-conferences.org or http://dx.doi.org/10.1051/matecconf/20153403002 heat transfer rate is required. To date, the heat pipe technology is advanced and there are many new types of heat pipe such as micro heat pipe, oscillating heat pipe, and micro oscillating heat pipe. Oscillating heat pipe, as the name implied, works by oscillating mechanism of vapor bubbles and liquid plug of the working fluid inside the meandering pipe [8] , as shown in Fig 2. Oscillating heat pipe has been developed around 20 years ago. So far, it has been applied to many applications including space radiator and cooling in the miniature electronic devices [9] , as shown in Fig.3a. and Fig.3b . Since the basic characteristics of oscillating heat pipe is the meandering turns of a lengthy small tube placed in an equally spacewise as shown in Fig 2 and Fig.3 , it can then be placed in between the mold plate to transfer heat in the cavity with a more uniform temperature distribution. Moreover, the tube can be bent in any required shape. This paper investigates the temperature uniformity of the metal plate when oscillation heat pipe is applied as a heat transfer device. 2 Experimental Apparatus and Method
Experimental Setup
Of the four types of heating technologies mentioned previously, convection with steam heating and conduction with electric heating are found to be vastly feasible. It is, therefore, the aims of this study, to compare the uniformity of temperature that convective heating, with CLOHP, and that conductive heating, with cartridge heater, can provide [2] . P-20 metal plate with the size of 306 x 130 mm 2 was used as a heat sink, while 2 types of heat source were used which are oscillating heat pipe and cartridge rod heater. The setups were as shown in Fig. 4a. and Fig. 4b . 12-turn of oscillating heat pipe with the internal tube diameter of 2 mm. was used. The working fluid was water with the filling ratio of 50% of the total inside volume. The evaporator length was 50 mm. and the condenser length was 150 mm. An electric strip heater of 300 watts was used as a heat source for oscillating heat pipe [10] . Metal plate was gouged to a depth of 3 mm for installing the oscillating heat pipe. For comparison of the result, 12 cartridge rod heaters with 6 mm in diameter, each of 25W were also setup and studied. . Sixteen Thermocouples were installed on the metal surface to record the temperature distribution of the surface. Fig.5a and Fig. 5b . show 16-location of the thermocouples.
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Experimental Method and Analysis.
Once the heater was on, the surface temperature of the metal plate equipped with CLOHP heat source was recorded until it reached the set point and was stabilized, the data of each location, then, was recorded for duration of 60 minutes. The procedure was replicated for another 2 times. The whole procedure was repeated as the set temperature was increased to the next value. The same procedure was also followed with the cartridge rod heater as a heat source. The temperature uniformity is then reported by Eq. 
Where STD is the standard deviation of the samplings from each set surface temperature X is measured temperature X is set surface temperature N is sampling size which is 48 data points However, when standard deviation (SD) at each location is concerned, X is the average measured surface temperature and to differentiate this value from the STD, as reported in Table 3 , the SD is used. The temperatures at these locations show fluctuation due to boundary effect. As shown in Fig.6 , the temperatures at the location 3 to 14 of the plate heated by both heat sources show cyclic pattern i.e., for HR, the temperatures were repeatedly low at location 3 and high at location 4 to 6 and then low at location 7 and high again at location 8 to 10 and low again at location 11, and so on. This is because the nature of the heater. The end of the heater that connected to electrical wire, which are locations number 3, 7, 11, as per Fig.5 , will always shows lower temperature than the other end. Since the 12-heater was connected in series, then the cyclic pattern is unavoidable presented. For CLOHP, although it is less obvious, the cyclic pattern is also shown. This is because the working fluid inside the pipe must flow along the pipe which is in U-shape, the evaporator section of the heat pipe is in the lower side and the condensing section is in the upper side, the temperature closed to the evaporator section will always be higher than those near the condensing section. This cyclic pattern is clearly seen at the lower set temperature, i.e. 80 The temperature distribution can be compared as well by the STDs values. As mention previously that STDs implies the degree Celsius of the deviation of temperature at all location from the set point. The result is clearly seen in Table 1 which shows the values of STDs for different set temperatures of CLOHP and HR as heat sources for the metal plate. It is clearly seen that for the case of placing the heating device at a distances of 5 mm from the metal plate surface, at 80 o C of the set surface temperature, HR yields better result than CLOHP since the value of STDs are lower. However, when the temperature increased, the values of STDs of CLOHP are better than those of HR. From Table 1 , it is found that CLOHP yields lower STDs than HR at the set temperature of 90 o C to 130 o C, which mean the CLOHP gives more uniform temperature distribution. Nevertheless, when the end effect of the heat pipe was neglected, considering only location 3 to 14, it is found that CLOHP yields lower STDs than HR at every set temperature, 80 o C to 130 o C, as shown in Table 2 . The results for the case of 10-mm depth, also show the same trend.
Results and Discussion
When considering the preciseness of the temperature at each location, the values of SDs at each location are considered. Table 3 shows the SDs values at location 8 which is in middle of the plate. The SD values of set surface temperature at location 8 will be used as a representative for the data at other set temperature as well since they all show the same trends. As can be seen CLOHP gives lower values of SDs as the set temperature increased from 80 o C to 130 o C, which implied that the precision is improved as the temperature increases. In the contrary, the SDs results of the HR shows the opposite direction. In conclusion, it can be stated that using CLOHP as a heat transfer device yields better distribution as well as preciseness of the metal plate surface temperature than using HR. Fig. 7 compares the STDs values of surface temperature at different depth from the metal surface. It is apparent that CLOHP offers better surface temperature distribution than HR whether the heating device is installed at 5mm or 10 mm. Increasing the depth of installing the heating device improves the temperature distribution of the plate. For CLOHP, there is little improvement and it is statistically significant. However, for HR the improvement is quite apparent but it is not statistically significant at 95% confidence limit. 
Summary
The temperature distribution of metal plate using closed loop oscillating heat pipe (CLOHP) as the heat transfer device was more uniform than that using cartridge rod heater (HR). The STDs which is the degree Celsius of the deviation of temperature at all location from the set point of CLOHP at 5mm and 10 mm are 1. When considering the preciseness of the temperature at each location, it is found that CLOHP yields better preciseness in surface temperature than HR.
